This study tested memory for the locations of objects in rooms presented to participants as pictures on a computer-screen. A group of adults with an Autism Spectrum Disorder (ASD) was compared to a group of typically developing (TD) adults. The aim was to investigate to what extent the two groups actively retrieved knowledge about the object-locations (explicit memory) or subconsciously remembered them (implicit memory). For this participants were presented with the same rooms and objects that they had studied and were either asked to indicate the previously studied location for the object or assign it a new location out of a choice of three. Scores for explicit and implicit memory were calculated and it was found that ASD individuals had more difficulty actively retrieving the object's location compared to the TD group. They did as well in subconsciously remembering the location. In addition participants performed equally well on simple recognition tests for the objects and locations they had studied, suggesting that the present result can be explained by a difficulty of forming a relation between object and location rather than by difficulties in remembering objects or locations per se in ASD. The findings also show that when memory retrieval is supported at test, ASD individuals show less difficulty in memory.
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Autism Spectrum Disorder (ASD) is associated with a heterogeneous cognitive profile with a consistent pattern of strengths and weaknesses in the domain of memory (see Boucher & Bowler, 2008; Boucher et al., 2012 for reviews) . ASD individuals experience difficulties with free recall where information needs to be remembered without retrieval support. This is especially marked when categorical information is available in the studied material that typically facilitates memory (Bowler et al., 1997; Gaigg et al., 2008; Tager-Flusberg, 1991) .
By contrast, when test procedures provide support for retrieving studied information, memory tends to be spared in ASD. Supported procedures include immediate cued recall (e.g. Mottron et al., 2001 ) and recognition memory tasks (e.g. Boucher et al., 2005; Bowler et al., 2000a; Bowler, et al., 2000b; Kuusikko-Gauffin, et al., 2011) . The pattern of performance on supported and unsupported memory tests led Bowler and colleagues (1997) to propose the 'task support hypothesis' suggesting that ASD participants perform as well as TD individuals when procedures are used that scaffold retrieval. Since then various studies have confirmed this idea (Bowler et al., 2004; Gaigg et al., 2008; Ring et al., under review) .
A further characteristic of memory function in ASD is a relatively pervasive difficulty in remembering the temporal order of events (Poirier et al., 2011; Gaigg et al., 2014) and in remembering the autobiographical past and imagining the autobiographical future (e.g. Crane et al., 2009; Lind & Bowler, 2010) . This suggests difficulties particularly with episodic memory, which requires the binding of the spatial-temporal context that defines specific events. Interestingly, when participants with ASD are tested on where, when or how they studied certain stimuli (source memory tasks), findings are inconsistent. Some studies suggest impaired source memory in ASD (e.g. Bowler et al., 2004; Lind & Bowler, 2009 ), whereas others do not (e.g. Bowler et al., 2004; Souchay et al., 2013) . Importantly, here as well, difficulties tend to become more apparent when using less supported task procedures e.g. a four alternative recall task (Bowler, et al., 2004) and when source information is incidental to Running title: Explicit vs implicit relational memory in ASD 5 the task compared to when it has been studied intentionally as part of the task (Souchay et al., 2013) .
A third distinction in memory in ASD is that between explicit memory, defined as knowledge that can be actively retrieved, and implicit memory which is knowledge of which an individual is unaware but which nevertheless can be shown to influence behaviour. To date, four studies have systematically compared explicit and implicit memory and overall these suggest intact implicit but difficulties with explicit memory for single items in ASD.
Again, difficulties arise especially when less support is provided at test (Bowler et al., 1997; Gardiner et al., 2003; Renner et al., 2000) . There are a few caveats related to these earlier studies, however. First, the procedures employed to measure implicit and explicit memory are not comparable in their processing requirements. Implicit memory was measured with more incidental tests like priming whereas explicit memory was generally measured with more intentional tests like recognition or free recall. Explicit tests are more effortful because participants have to engage in some form of search process to retrieve the specific information they were asked to study. In addition in order to be able to consciously retrieve an item it needs to have been processed in a more elaborative way in the first place. Whereas in implicit tests participants are instructed simply to state the first thing that comes to mind.
Since individuals with ASD have been shown to experience difficulties in engaging effective retrieval strategies such as category clustering (e.g. Gaigg et al., 2008) one could argue that it is due to the procedural differences at test that ASD individuals show intact implicit but compromised explicit memory. Second, when implicit and explicit memory are compared in within-subjects designs, implicit memory is typically measured through priming first, introducing order confounds that could contribute to the pattern of findings. The current study employs an experimental procedure that avoids these issues in an attempt to provide a less ambiguous comparison of explicit and implicit memory in ASD.
Running title: Explicit vs implicit relational memory in ASD 6 A further aim of the current study was to examine explicit and implicit memory for material that goes beyond the single words or pictures of previous studies, therefore emulating the complexities of daily life. As noted above, memory in ASD tends to be characterised by difficulties particularly in the domain of episodic memory. To form an episodic representation of an experience it is necessary to bind information such as time and place to what happened. Several explanations have been put forward for the observed difficulties in this domain in ASD. Bowler and colleagues (2011) argue that ASD individuals show intact item-specific memory but have difficulties with relational memory. Item-specific memory refers to memory for individual elements of an experience (e.g. the items of furniture in a room), whereas relational memory refers to the spatial, temporal or conceptual relations between these items (e.g. the relative position of furniture in a room; see Hunt & Einstein, 1981) . Several studies show that relational memory is selectively compromised in ASD whereas item-specific memory is preserved Gaigg et al., 2008; Gaigg et al., in press ), however, all of the relevant studies were concerned with explicit memory and it remains unclear whether implicit memory for relational information may be preserved in ASD.
To address the methodological issues relating to previous studies concerning explicit and implicit memory in ASD, and to establish whether relational memory difficulties are evident in both explicit and implicit memory in this disorder, we implemented an objectlocation memory task. According to Postma and colleagues (2008b) object-location memory comprises at least three different processes: the processing of the object, its location, and the binding between object and location. To test this whole framework, we included object, location and object-location binding recognition tasks. For the latter we used a paradigm based on the process dissociation procedure (Jacoby, 1991; Jacoby, 1998) , which requires participants to recall the locations of objects by placing them into the locations where they Running title: Explicit vs implicit relational memory in ASD 7 had previously studied them ('include' trials) or to place them in new locations ('exclude' trials; Figure 1 ). This procedure allows the calculation of estimates of explicit and implicit memory. This task has been used to examine different clinical populations, that helped inform our predictions. Specifically, studies of Alzheimer's Disease (Kessels et al., 2005a; Randolph et al., 1995) , amnesia (Hampstead et al., 2011) , Korsakoff patients (Postma et al., 2008a) and TD older adults (Kessels et al., 2005b) found a similar distinction between impaired explicit and intact implicit object-location memory. While the neural underpinnings for functional decline in these (patient) populations might be different, they have in common that either hippocampal (Alzheimer's Disease, amnesia) or hippocampal and frontal functions (Korsakoff disease, TD older adults) are affected, suggesting the involvement of the frontohippocampal circuit particularly in explicit relational memory. Abnormalities in this network that appear to parallel those seen in typically aging populations have recently also been shown to be associated with the relational memory difficulties in ASD (Gaigg et al., in press ).
Implicit memory measured through contextual cuing is intact in TD older adults (Howard et al., 2004) , suggesting it is not affected by a decline of fronto-hippocampal circuit function. It seems to involve broader areas in the temporal lobes within and outside the MTL (Chun & Jiang, 2003) . Similarly, item memory is not affected in TD older adults (Cabeza et al., 2000) suggesting reliance on brain regions outside the fronto-hippocampal circuit. Therefore we predicted a similar distinction between impaired explicit but intact implicit memory for object-location relations in ASD. We also expected to find similar performance of ASD and TD groups in object and location recognition because item memory is usually intact in ASD . , 2000) . In addition 22 ASD individuals were assessed using the Autism Diagnostic Observation Schedule (ADOS; Lord et al., 1989 ; see Table 1 ) by individuals trained to research reliability standards on this instrument. TD individuals were recruited through advertisements and were only included in the study if they had no personal or family history of a psychological or neurodevelopmental disorder and did not report taking any psychotropic medication. All participants were native English speakers. Informed consent was obtained from all individuals prior to the study and they were reimbursed for their time and travel expenses with standard university fees. This study was approved by City
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[Insert Table 1 here]
Materials
The object locations to be used in the experiment were chosen by means of a pilot study involving twenty-two individuals (16 women, 6 men) recruited mainly from City University London's student population. Their age ranged from 19 to 40 years (M age = 24.37).
Participants were presented with pictures of 7 rooms (e.g. kitchen, bathroom etc.) and 9 to 12 context appropriate pictures of objects for each room (e.g. a toothbrush in the bathroom) on a computer screen. Pictures of the rooms filled approximately 80% of the screen and objects were presented underneath one at a time. Participants were asked to click on up to 15 different locations that they considered appropriate for each of the objects (e.g. a toothbrush could be chosen to be put next to the sink, in the cabinet above the sink, next to the bath etc.
in the bathroom). After this data was gathered, all locations that were selected were superimposed on the room pictures and a 96-cell grid overlay was used to rank-order all possible object locations in terms of the frequency with which participants endorsed them as plausible. Three locations were then selected for each object for the experiment proper -a goal location in which the object was to be presented during the learning trials and two distracter locations that would serve for the test trials. The goal location was always the location in the middle of the rank order distribution of the pilot study. One distracter location was chosen to be ranked as more likely than the goal location (but not the most likely) while the other was always ranked as less likely (but not the least likely). Objects with an insufficient number of plausible locations were excluded. Locations for the remaining objects
Running title: Explicit vs implicit relational memory in ASD 10 were chosen to ensure that two goal locations for two different objects were never in the same place. Finally, small adjustments were made in order to render all locations appropriate (e.g. a watering can was put on top of a table instead of half way on top and half way underneath it).
Based on this process we selected one room with 5 objects for practice trials, while six rooms with 8 objects each served for the experimental trials. An overview of all rooms with their objects is provided in Table 1 in the supplementary online material.
Procedure

Object-location task
Following a series of 5 practice trials to familiarise participants with the study-test procedure, they were then presented with 24 learning trials of the test proper including six rooms with 4 objects each. In each trial participants were shown a picture of a room occupying approximately 80% of the screen. The goal location was highlighted in the room and underneath the picture of an object was shown. Participants were asked to click on the object, after which a red frame appeared around it. Next they needed to click on the location, after which the object was presented in this location for 3 seconds before the next object appeared (see Figure 1 ). The presentation of rooms was completely randomised in order to avoid any order effects. Participants were asked to name the objects and to describe their locations briefly. This was to ensure that participants were fully paying attention and that all participants verbalised the materials to a similar extent.
In the test phase participants were presented with the familiar room pictures and with the 24 originally studied objects intermixed with 24 new objects (4 per room) to control for chance performance. The include instruction required participants to recall the old location where they had studied the object and select that location out of a choice of 3 highlighted locations. Under the exclude instruction participants were first required to recall the old Running title: Explicit vs implicit relational memory in ASD 11 location they had studied for the object and then to choose a new location for the object by clicking on one of the other 2 highlighted locations where the object had never been placed before. Importantly, these instructions place very similar demands on the participants in terms of effort in retrieval. Objects were counterbalanced across the test conditions, i.e. across participants each object was tested under include and exclude conditions an equal number of times. The order of presentation of the test conditions was however random. The two sets of 24 items were counterbalanced across participants, so that half of the participants studied items from set 1 and saw items from set 2 as new items and vice versa for the other half of the participants. For the test phase participants were instructed to name the object and the location and to read out loud the instruction, which either said old location (include) or new location (exclude). This served to ensure that they were fully paying attention. Figure 1 provides examples of study and test displays. Eye-movements were measured during study and test trials but the results are presented elsewhere (Ring et al., in preparation) and will not be discussed further in this paper.
[Insert Figure 1 here]
Object and Location recognition and source memory
After the object-location memory task participants completed an object and a location recognition task. In the object recognition task 96 pictures of objects were presented which participants had either seen twice before (in the study and the test phases), only once (in the test phase) or not at all. Participants were asked to name each object and then to indicate if they had seen it before using a Yes-No procedure. If they had seen it before, they were asked to indicate whether they could also remember its location (source memory). Participants were 12 asked to name the exact location verbally. This information was audio-recorded for further analysis.
In the location recognition task participants were presented with 96 individually highlighted locations in the pictures of the rooms they had seen earlier (16 locations per room). Only the goal and distracter locations for the 24 objects that participants had studied initially were tested. Twelve of the 16 locations were old locations that participants had seen highlighted earlier (4 goal locations, 8 distracter locations-2 per object) and 4 locations per room (1 for each of the 4 objects) were new. Participants were asked to indicate if they had seen exactly this location highlighted before using a Yes-No procedure. If they chose 'Yes', they were then asked to name the object that had been presented with that location (source memory). This information was audio-recorded for further analysis.
Results
Results were analysed using independent samples t-tests and repeated measures
ANOVAs. In the case of significant differences post hoc tests were calculated. In case the Sphericity assumption was violated Greenhouse Geisser correction (GGC) was used. In addition Chi-Squared tests were used for nominal data and bivariate correlations were calculated. The significance level was chosen at .05 for all tests.
Object-location task
The proportions of target relocations were calculated for the two conditions. These are the proportions of times participants chose the goal/old location for the include condition where they were asked to click on the old location (in this case a correct answer) and for the exclude condition where they were asked to click on a new location (clicking on the old location would in this case be an incorrect answer). The same proportions were calculated for The proportions of target relocations for include and exclude conditions were used to calculate estimates of implicit and explicit memory using the formulas by Jacoby (1991; 1998) 
. The estimate of explicit memory (conscious-C) is determined by the difference between include (I) and exclude (E) proportions of target relocations (C = I -E). Implicit
Running title: Explicit vs implicit relational memory in ASD 14 memory (unconscious-U) corresponds to the quotient of exclude target relocations and the difference between 1 and the estimate of explicit memory (U = E/ (1 -C); Jacoby, 1991) . The data are set out in Figure 2 . An implicit memory score was only available for 17 TD and 21 ASD individuals. The remaining individuals performed perfectly in include and exclude conditions precluding calculation of an implicit memory score. To investigate this further we counted the number of perfectly performing participants in each group in both conditions. These data were analysed using Chi-Squared tests. There were no significant differences in Figure 2 ).
[Insert Figure 2 here]
Object and Location recognition and source memory
Corrected recognition rates (Hits minus False alarms) for objects were calculated separately for the target objects that participants had to put into relevant locations during study as well as test and for the new objects that participants placed into locations only during the test phase. The data are outlined in Table 2 recordings of participant's source responses for the object task (i.e. comments on where in the room pictures the objects were presented) were transcribed, scored and then analysed using an independent samples t-test. Scoring was relatively unambiguous because all locations used in the study had been pre-selected and had relatively clear labels (e.g. on the sink). If it was unclear which location the participant was referring to exactly or if there was more than one possible location that fitted the participants' description they were given credit in the benefit of the doubt (e.g. "Some scales, yes I do remember and I remember putting them in the middle of the floor in the bathroom."). In addition participants were given the choice which location they remembered-there were 3 locations to choose from for each object (1 goal and 2 distracter locations). Credit was granted for either of them. Because of a recording problem, these data were available for 23 TD and 24 ASD individuals. No significant difference between groups was found, t(38.98) = 0.24, p = .81, Cohen's d = 0.07, indicating that both groups of participants remembered a similar number of locations for objects that they recognised from the previous task (Table 2) .
For the location recognition test corrected recognition rates for locations were split up by the number of interactions with the locations (i.e. the number of times a participant clicked on the locations). The data, outlined in comments on the objects that were previously studied in the recognised locations) were transcribed and analysed using an independent samples t-test. The data were available for 23 TD and 24 ASD individuals. No significant difference between groups was found, t(45) = -0.30, p = .76, Cohen's d = 0.09, indicating that both groups of participants remembered a similar number of objects for locations recognised from the previous task (Table 2) . Similar results for object and location recognition were found when the 17 TD and 21 ASD individuals who remained for the object-location task were included.
Finally, to rule out that the large age range within both groups may have obscured possible group differences because of age-related variability in the data all analyses were repeated including age as a covariate. The only difference from the findings just presented was in the results for object recognition. When controlling for age by means of an ANCOVA results showed no significant main effect of Repetition, F(1,45) = 1.97, p = .17, η p 2 = .04, no significant main effect of Group, F(1,45) = 2.35, p = .13, η p 2 = .05, and no Repetition x Group interaction, F(1,45) = 1.44, p = .24, η p 2 = .03. However, there was a significant Repetition x Age interaction, F(1,45) = 7.95, p < .01, η p 2 = .15. There was no significant difference between groups in the object source score when controlling for age, F(1,44) = 0.04, p = .84, η p 2 = .00. This indicates that the older individuals in our sample were less good at learning objects over repeated presentations but there was no suggestion that such age effects operated differently in the two groups.
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[Insert Table 2 here]
Correlations between tasks
The data are presented in Table 3 . Significant positive correlations were found between explicit relational memory and corrected object and location recognition and source scores. In addition corrected object recognition was also positively correlated with corrected location recognition and object source scores and corrected location recognition positively correlated with object and location source rates. There were no significant correlations between implicit memory and any of the other measures.
[Insert Table 3 here]
Discussion
The current study is the first to examine explicit versus implicit relational memory in adults with ASD with the aim of testing the prediction that such individuals experience specific difficulties with relational but not item-specific memory using an existing externally valid object-location memory paradigm. The task involved participants' studying locations for objects in rooms followed by a test of their memory for the object's location and their recognition of the object and the location separately. We also included a source memory test examining recall of locations for remembered objects and objects for remembered locations.
Our first prediction was that ASD participants would show difficulties with explicit memory but intact implicit memory for object-location relations indicating retrieval difficulties for relational material. This prediction was supported. We found that ASD compared to TD individuals showed lower explicit memory for the object locations in the presence of intact implicit memory. More specifically, ASD individuals, when asked to place an object into its old location when presented with a choice of three locations struggled to do so. This finding provides further support for a distinction between explicit and implicit memory performance in ASD (Bowler et al., 1997; Gardiner et al., 2003; Renner et al., 2000) and extends previous findings on single items to relational material.
Our second prediction that ASD individuals would show intact memory for locations and objects when tested in a recognition task was also supported. Together these findings provide further support for the suggestion that relational memory difficulties are relatively circumscribed in ASD and do not affect item-specific memory . Our finding of intact source memory for objects and locations sheds more light on inconsistencies in the previous literature. It is in line with Bowler and colleagues (2004) and Souchay and colleagues (2013) suggesting that when material is studied intentionally and a supported test procedure is used, source memory is preserved in ASD.
The correlations between performances on the different tasks permit some conjectures about which underlying brain structures might be working differently in ASD. Implicit memory performance did not correlate with performance on any of the other tasks, which may well reflect the fact that it has been found to involve different brain regions compared to those associated with the other tasks (Chun & Jiang, 2003) . The correlations between objectlocation and location and object recognition tasks could be explained by the fact that they seem to involve the parietal cortex (Postma et al., 2008b) . Object and location tasks both depend on parietal and prefrontal brain regions which might explain the positive correlations between them. The correlations between source tasks and recognition tasks are supported by the dependence of both on prefrontal regions, whereas the positive relation between source memory and explicit object-location memory may reflect hippocampal function (Cansino et al., 2002; Postma et al., 2008b) . Both prefrontal cortex and the hippocampus or a complex interaction between the two have been suggested to underlie memory difficulties in ASD (Bowler, 2007; Bowler et al., 2011; Minshew & Goldstein, 1998) . The present findings provide most support for the relational memory account ) -a conclusion that is supported by the parallel we find here with findings from studies involving patients with hippocampal damage (Caldwell & Masson, 2001; Kessels et al., 2008; Kessels, et al., 2005a; Postma et al., 2008a) and TD older adults (Kessels, et al., 2005b) . However, participants in these last studies had difficulty in finding a new location for an old item as well as in choosing the old location for that item, whereas ASD individuals in the present study only struggled with the latter. It is worth noting that in the current study a ceiling effect may have masked the between-group difference in exclude trials. However, it is also possible that memory difficulties in ASD are less pronounced than those in the patient populations (as suggested by Boucher et al., 2012; Bowler et al., 2010) . Support for this idea comes from the result that ASD participants showed no difficulties in a source memory test using the same materials when support was provided. Since source memory depends on frontal lobe functions (Craik et al., 1990) , frontal lobe processes seem to be less disrupted in ASD than they are in TD older adults, and impaired functions in ASD that depend on frontal lobe processes may rather be the result of a less efficient communication between the hippocampus and frontal lobes. However, it is important to note that (memory) atypicalities in ASD result from an atypical developmental trajectory where connections between brain regions may get formed differently, whereas dysfunction in TD older adults and patients with hippocampal damage occurs after a period of typical development.
The conclusions of the present study rely heavily on the process-dissociationprocedure, which has attracted some criticism. For instance, Buchner and colleagues (1995) argued that it is problematic to use the process-dissociation-procedure in within-subject comparisons for several reasons. First, participants performing perfectly in both include and exclude conditions would lead to an underestimation of the explicit memory component and since there were slightly more people in the TD group who made no mistakes, this is all the more true for TD individuals. Since we still found a difference in the explicit score between the 2 groups when the measure might have been slightly underestimated leads us to conclude that the effect reported here is rather robust and might possibly be even larger. An underestimation might be avoided by dropping perfectly performing participants from the analysis, which is what we did in the current study. Another point is that it could be quite difficult to perform both sets of test instructions after one another in one test phase because they are quite complex (Graf & Komatsu, 1994) . We counterbalanced the order of the presentation of the two types of instructions to avoid any order effects and to ensure participants followed the instructions we asked participants to read these out loud for every trial. Another concern raised is that the standard error for every single participant would be quite high as only a few values are used to calculate explicit and implicit memory scores for participants (Buchner et al., 1995) making the detection of an effect harder. However, we still found an effect, whose large effect size suggests that it is substantial. Two other criticisms of the process-dissociation procedure are the assumption that implicit and explicit memory are working independently from one another (Curran & Hintzman, 1995) and that the original procedure (Jacoby, 1991) does not take correct guesses into account (Buchner et al., 1995) .
To avoid both criticisms a multinomial model was devised taking guesses into account in the calculation of explicit and implicit memory scores (Buchner et al., 1995; Caldwell & Masson, 2001 ). We re-ran our analysis using this model and the results showed again a clear Finally, it is worth noting that our sample size might be regarded as small. However, we are confident in our results since they yield large effect sizes when we replicate previous (Faul, et al., 2007) show that to repeat our finding of lower explicit relational memory in ASD with a similar effect size to that reported here and 85% power, we would need a sample size of 38 in each group. By contrast, the effect size for a potential difference between groups in the implicit relational memory score is very small. We can therefore be confident in our result that there is no difference between groups in implicit relational memory and can accept the null-hypothesis.
In conclusion the current study offers a test of the object-location memory framework in ASD using an externally valid paradigm. Results suggest difficulty with object-location memory rather than recognition memory for objects or locations per se being apparent only in explicit relational but not implicit relational memory which points to intact encoding but a problem with the explicit retrieval of the encoded information from memory. This finding has important implications for the design of future brain imaging studies as well as for the design of training and support programmes for ASD individuals, where implicit procedures should receive greater emphasis. Strategies shown to help to improve memory in older TD individuals, such as errorless learning (Kessels & de Haan, 2003) , might also help in ASD. Running title: Explicit vs implicit relational memory in ASD 31 Table 2 Descriptive statistics for TD and ASD groups for the object recognition and location recognition tasks. Table 3 Correlations between explicit and implicit relational memory scores for the object-location task and corrected object and corrected location recognition rates and object and location source scores for the recognition tasks. 
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